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Beam Polarization

Synchrotron beams are highly linearly polarized
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Phase retarders manipulate the beam polarization

by varying the relative phase(d) between the

horizontal (S) and vertical (p) wave fields &
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Why mess the polarization?

Magnetic Scattering

S chage F( Im) L ook for differences
S magnetic > F (Pin» Pasy Py ) when P, _is reversed

Circ

lin?" 451" circ

S » 100 2®-Og

magnetic charge

ePolarized EXAFS
Resonant Charge Scattering
eHorizontal Diffraction
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Circularly Polarized X-rays

«Off Axis Bending Magnet
eSpecial Insertion Devices
EMW (11-1D), CPU (4-1D-C)
*Phase Retarders (Crystal Optics)
Bragg Diffraction
Thin Crystal Transmission

=
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Sector 4-Canted Undulators
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Circularly Polarizing Undul ator
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Now: 1/2 Hz.

Future: 10 Hz.
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Sector 4 Layout

J. Freeland, Dave Keavney, R. Rosenberg
Magnetic Scattering 4-1D-C
XMCD, PEEM, XPS

Int. Xray Branch

4-1D-B 4-1D-D

4-1D-A

Hard ¥-ray Eranch

ECTHF HI#1 HNM#2

G. Srgjer, J. Lang, D. Haskel, Z. Islam
Magnetic Scattering/Spectrocopy
Magnetic Microscopy
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Transmission Phase Retarders
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For x-rays, materials are only birefingent near

Bragg reflections : &
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How does it work?
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Phase Shift vs. Dg

500mm Diamond (111)
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Phase Shift
changes more
slowly on the
tails of Bragg
peak




Transmitted Beam Polarization

- 500mm (111) Diamond @ 8.0 keV

V“ « P.~0.98
_ « Beam direction undeviated

e Best from 5to 12 keV
 Rapid helicity reversal

 |nsensitive to beam
divergence

10 e Can also change P
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What crystals should you use?

r2
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Let d=p/2 and divide by m- > figure of merit (Dqg/nt)
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Use low Z crystals such as: Diamond, LiF, Be g,&_
Diamond ~x5 better than thin Si
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Old Phase Retarder Setup

Rubber
Band
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4-1D-B Station
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Phase Retarder Chamber

Installed Jan. 2001
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|n-Vacuum Phase Retarder

Multiple

Beam
crystals

Into page

Two X-Y-g-2q stages oriented 1801 apart
Scattering plane 451 from vertical
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In Vacuum Phase Retarder

: PZT
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PZT Stages
$ 4

Pl P841-LVPZT

Dynamic Operation (upto ~50Hz)
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Things to watch out for

G 500mm (111) Diamond @ 8.0 keV
400 mm Diamond (111) @ 8.0 keV '
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e Asymetric transmitted intensity
*Absolute positioning of phase retarder critical for scattering exps.
Multiple Scattering

Dq” - Dg” £ 0.5arcsec; B, £ 1% &

| harge ™ IEO[(l+ cos’2q)+ Py, (L- COSZZq)]
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Experimental Setup 4-1D-D

25um x25um
Slits

Diamond E;:__’_‘a E

=< Phase Retarder #
N % Sample in He
E+ Toroidal Mirror -
. =5 Mounted on
AT = s an) Huher 8-C
— TR S1(111)
Monochromator

Linear Undulator

Change setup in end station for different experiments
«XMCD, Reflectivity, Diffraction

» Microfocussing (KB or ZP)
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X-ray Magnetic Circular Dichroism

Spinups Spin down
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Dichroism in RFe,

M easure magnetism
as a function of
temperature.

Near edge rare earth
signals are relatively
large ~1%
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L ock-1n Detection

PZT floures
IC-> I0 V& 1C-> Itrans
oo —¥—les
5-> 40 Hz.
| ® Sample I~nA
Func.Gen. Cur. Amp. Cur. Amp.
Log DI Tt = Inq1,) - In(l,)
V (AC) a p.t L ock-in
V (DC) a p,t Amp
~10 photons/s absor bed

-> ds/s ~ 0.03%
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Phase lock for XM CD

Fe K edge dichroism

Scan:45 Normal collection Scan:46 Lock-in
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Can easily see differences down to ~5x10
In spectrataken in only afew minutes
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Magnetic EXAFS

Absorption (DC signal)

Dichroism (AC signal)
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Probes |ocal magnetic structure
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Ferromagnetic | maging

ADbsorption-Fluorescence
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J. Lang, et. al, SPIE 4499 (2001)
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Magnetic Reflectivity

[Gd(50A)Fe(15A)] ;-

D. Haskel, Phys. Rev. Lett. 87, 207201 (2001)
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Microscopic Diffraction in HoFe,
(ferromagnet)

Flipping Ratio vs. Beam Position Domain Parallel to Beam
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Magnetic DAFS

Nd,Fe ,B Single Crystal
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Site Specific Magnetism - D. Haskel
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lmaging Chiral Domains

Spiral Magnetic Structure of Ho

-

=
o
©

Poon) °°
a .
7 5°
'E‘ 10 .
- 2
g L
10° - gy + -
2 |«——— |2 >|
[7p) .
c .
I .
c 10 /
i
“‘/ w °
101II|IIII|IIII|IIII|IIII|IIII|IIMII
3.70 3.80 3.90 4.00 4.10 4.20 4.30

L (r.L.u)
Advanced Photon Source-Polarization Studies




